Development of novel microsatellite markers for
After filtering of reads for low-quality (Q < 30), poly-N, and adapter sequences using Trimmomatic Galaxy version 0.36.0 (Bolger et al., 2014) , species-specific de novo assemblies were generated using Trinity Galaxy version 2.2.0 (Grabherr et al., 2011 ). The assembled contigs were then clustered (90% identity threshold) to generate 91,002 and 106,240 unigenes in E. plantagineum and A. euchroma, respectively, using CD-HIT-EST software Galaxy version 1.3 (Li and Godzik, 2006) . Mining for SSR regions (≥6 di-, ≥5 tri-, ≥5 tetra-, and ≥5 pentanucleotide repeats) in each of the transcriptomes by MISA (Beier et al., 2017) resulted in 4999 (E. plantagineum) and 4821 (A. euchroma) SSR-harboring transcripts. Thirty-two to forty-five percent of SSR motifs were located in the first or last 50 bp of the transcripts and were discarded because they were not suitable for primer design. To identify the COS containing SSRs, transcripts predicted to contain SSR motifs were BLASTed against each other by running the BLAST Reciprocal Best Hits (RBH) Galaxy version 0.1.11 (Cock et al., 2015) . A successful BLAST-RBH was considered as a potential COS-SSR locus. By using this strategy, 89 loci were identified. After pairwise alignments, we discarded 49 loci, either because there was no variation between aligned sequences or regions flanking SSR motifs were not suitable for primer design. Primers were designed from the remaining 50 COS-SSRs.
Fresh leaves of A. tinctoria (n = 67) were collected from four different locations in Greece (Appendix 1). Genomic DNA was isolated using an in-house optimized protocol based on a cetyltrimethylammonium bromide (CTAB) method described in van der Beek et al. (1992) . Briefly, 50 mg of powdered leaf tissues were homogenized in 400 μL of grinding buffer (0.35 M sorbitol, 0.1 M Tris-HCl, 5 mM EDTA, 20 mM NaHSO 3 , and 4% PVP 40; pH 8.9) followed by addition of 400 μL of lysis buffer (0.2 M Tris-HCL, 50 mM EDTA, 2 M NaCl, 2% CTAB; pH 8.6), 100 μL of sodium dodecyl sulfate (SDS; 10%), and 4 μL of Proteinase K. The mixture was incubated at 60°C for 1 h and centrifuged at 15,000 rpm and 4°C for 10 min. The supernatant was transferred to new 2-mL Eppendorf tubes containing 450 μL of buffer III (3 M CH 3 COOK and 5 M CH 3 COOH) and incubated on ice for 10 min, followed by centrifugation as described previously. The supernatant was precipitated with 560 μL of isopropanol by centrifugation at 15,000 rpm and 4°C for 25 min. The DNA pellet was washed with chilled 70% ethanol and was dissolved in 100 μL of double-autoclaved water containing 5 μL of RNase (10 mg/ mL). For initial amplification, primers were tested on two individuals of A. tinctoria. For 30 primer pairs that showed bands of expected size, 16 individuals from four populations were then ; with a final extension period of 15 min at 72°C. The amplified products were visualized on 2% agarose gels and, after dilution to an appropriate concentration (3 : 17 to 3 : 57), were separated on a capillary sequencer (ABI PRISM 3130xl; Applied Biosystems, Foster City, California, USA) using the GeneScan 350 internal size standard (Applied Biosystems). Allelic profiles of each individual were determined using GeneMapper version 5 (Applied Biosystems). Of the 30 loci, 20 loci were found to be polymorphic; however, peaks from three loci were difficult to interpret and were not included in further analyses (Table 1) . Characteristics of 10 monomorphic SSR loci are given in Appendix 2. It is noteworthy that the allelic profiles of some loci indicated that A. tinctoria is a tetraploid species. This observation is consistent with Coppi et al. (2006) , who also observed a 4x ploidy level in A. tinctoria. For further analysis, we treated the data as tetraploid based on the available literature evidence (Coppi et al., 2006) and our own observation of >50% of loci (nine out of 17) with multi-allelic genotypes consistent with tetraploidy (Table 2 ). The nucleotide sequences of all loci assembled from the RNA-Seq data set of A. euchroma are given in Appendices S1 and S2. Subsequently, 67 individuals from four populations (Appendix 1) were characterized by the 17 polymorphic loci. The DNA isolation method is similar to that described above, except a lithium chloride-containing buffer (50 mM Tris-HCl, 0.7 M NaCl, 20 mM EDTA, 0.4 M LiCl, and 2% PVP 40) was used instead of the grinding and lysis buffer. In addition, 20 μL of dithiothreitol (1 M) was added before incubation at 60°C (Lefort and Douglas, 1999) . PCR reaction mixture and cycling conditions were the same as described above. GenoDive version 2.023 (Meriman and van Tienderen, 2004 ) was used to estimate the number of alleles and the levels of observed (H o ) and expected heterozygosity (H e ), with and without allele dosage correction. Allele dosage was inferred using the maximum likelihood method implemented in GenoDive ( Table 2 ). The number of alleles ranged from one to nine, with an average of 5.94 alleles per locus. Levels of H e and H o of individual loci ranged from 0.000 to 0.821 and 0.000 to 1.000 in the studied populations, respectively. We note that indepth cytogenetic work would be needed to clarify the precise cytotype status of each accession and population. Nevertheless, H e represents a useful estimate of gene diversity for any ploidy level, and we report values with and without allele dosage correction; therefore, we regard our estimates of diversity and information content of the markers as robust and conservative ( Table 2) .
The cross-species transferability of 17 markers was tested on three Alkanna Tausch species: A. graeca Boiss. & Spruner, A. hellenica Rech. f., and A. sfikasiana Tan, Vold & Strid (Appendix 1). In addition, we also tested cross-species amplification in Echium vulgare L., E. plantagineum, Lithospermum officinale L., Borago officinalis L., and Anchusa officinalis Gouan (Appendix 1) to ascertain whether these markers are applicable to genera other than Alkanna.
All primer pairs gave expected size products in E. plantagineum, and 14 amplified in L. officinale, E. vulgare, and all tested species of Alkanna (Table 3 ). In contrast, only ~50% of the tested primer pairs had expected size bands in B. officinalis and A. officinalis (Table 3) .
CONCLUSIONS
Through mining COS markers, a first set of microsatellite markers was developed for A. tinctoria. The observed genetic diversity indices and level of polymorphism in A. tinctoria showed that these markers could be useful for genotyping and genetic structure 
